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RULES OF THUMB FOR PASSIVE SOLAR HEATIMG*

J. fuouglas Balcomb
Los Alamcs Scientific Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Rules of thumb are given for passive solar
ssstems for: 1) sizing solar glazing for
219 cities, 2) sizing thermal storage mass,
and 3) building orientation.

1. INTRODUCTION

The LASL Solar Load Ratlo method has been
used to generate rules of thumb for sizing
solar collection area based on monthly
weather data for 219 sites in the U.S. ard
southern Canada. In developing these rules
a number of factors have been considered.

A princinal consideration has heen to
obtain a high solar savings fraction.
However It is also desired thal the
bullaing not be overglazeg so that it will
uvverheat in winter. It is assumed that
shading or some other technique can be used
to prevent overheating problems in the
summer,

In order that the rule of thumb for s!zing
solar collectlon a.=a can be given as a
ratio of the bullding floor area, it is
necessary to assume a particular level of
enerqy conservation within the building.
The values assumed are given {n Table [ In
which the heating load 1s expressed in
terms of a builaing load coefficlent. The
values used are slightly tighter than the
ASHRAE 90-75 standard.

In ord=r to determine performance, the LASL
30lar Load Ratlio Method was used. The

met hod ha; been described in previous LASL
pnperslv In which correlations for

Snlar Heating Fractlon (SHF) are gliven as a
function of the ratio of monthly solar galn
to monthly load. It was found desirable to
modify the correlations somewhat in order
to make them representative of a Solar
Savings Fractlon (SS57) instead ot the Snlar
Heating Fraction. These new correlatlons
are alven in the Appendix,

The difference betwaen Solar Healing
Fraction and Snir  avings Fractlon s

di scussed §in Ref “4, The aefinition
of Solar Heatinc 10n used previously
Is the ratio of 1. selar contribution to

actual net load. The solar contribution
may irclude erergy which does not represent
an actual solar savings. By contrast, the
Solar Savings Fraction iIs the ratio of
solar sevings to a net reference load which
is calculated maintaining the building at
the desired thermostat set point.

Two key reasons four the switch from 3HF to
S5F as a design criteria are the
following: a) In the design stage the
actual load Is mt knowr. Therefore it is
not possible to predict auxiliary energy
uses accurately from a value of SHF.

b) In considering the economic merit of
the solar design it 1s appropriate to
compare it to a non-solar bullaing. with
S5F, the use of a net reference load
provides us this basls for comparison. The
reader Is referred to References 3 and 4
for a more compiete discussion.

These new 55F correlations were used
together with recently compliled weather
dgata glven In Reference 5 to estimate
performance. The correlations are based on
a reference design described in getall in
Reference 4 and a thermostat setting of 65
f in the absence of Internal heat. This is
approximately ecuivalent to a thermostat
setting of 70-72 F with internal energy
generatlion corresponding to a normal
residential opplication.

Another cons!deration is that the Lullding
not overheat in the winter. The limit used
is that the avernge inside bullding
temperature s d not exceed 75 F wurlng
January clear-day congltions. This
establishes an upper limit for glazing
area. The lower limit {=s taken arbitrarlly
to be half the upper limit, The purpose ot
this is simply to glve a range of values so
that the desiqner can sece the cunweguence
of changing col lection area.

A critical declsion the gesigrer must face
is whether or not to specify Insulation
cov«rlnY the glaz'ng at night. bSuch
Insulatlon is very effective, especially in
colg climates. Irr order to sec this effect

#wark performd o o+ the ausplees of the 1,5, Department of Lnergy, Uff{ce of Solar
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the performance estimates are indicated for
cases with and without night insulation.
The night insulation value used is R9.

2. SOLAR COLLECTION AREA

Rule of Thumb: "A solar collection area of
(R1)% to (R2)% of the floor area can be
expected to reduce the annual heating load
of a building In (locatinn) by (51)% to
(52)%, or, if R9 night insulation is used,
by (53)% to (S4)%."

where the values of R1l, R2, 51, S2, $3, and
5S4 are selected from Table II for the
location of interest. It is recommended
that the larger of the two glazing area
values given not be exceeded or building
overheating can be anticipated on clear
winter days.

The rule of thumb i{s different tor each
location. An example 1. the following:

“"A solar collection area of 12% to 23% of
the floor erea can bz expected to reduce
the fuel consuption of a building in Dodge
City, Kansas by 27% to 42%, or, If R9 niaht
Insulation is used, by 46% to 73%."

An architect designing a building for Dodge
Clity can use this rule directly to estimate
glazing area based on buliding floor area.

The above Is an example for one specific
location. Quantitative values can be

filled i for other locatlions from Table 1I,

Exaq}gle: A COndge City bullding is to have
a floor area o ronughly 1600 sq ft. Thus
th. glazed area indicated by the rule of
thumb will be in the range of 192 to 368 sq
ft hut not to exceed 368 sq ft (73%),
within Lhese rough bounds, one can begin
schematic desian.

The solar savings which would be reallzed
in this example would be approximately as
follows:

Solar Savings

Glazed Area, sq It w/0 NI w/NI
192 7TR 46X
368 a2% 73%

Discussion. The tuilaing fn Dodge City Is
asc med to e designed to an enercy
conservat fon standard of 4.6 Btu/degree-d-.y
per sauarc fout of *loor arer (exclusive of
the solar qlazing). This implles falrly
well Insuiated walls (R-19), double
alazing, and moderately low 'nfiltration
(3/4 eir change per hour \ACH)), Such A
rough estimate §s sufficient for the
schematlc design phase. If the hullder
knows In advance that the design will be to
a mych different standard, the values can
be adjusted proportionally. For example,

if the design calls for 9 Btu/DO-ft2, as
might follow from the use R-11 walls ana
celling and 1-1/4 ACH, the values of R}
and Rp, would be scaled up from 0.12 ang
0.23 to 0.18 ang 0.35, requiring 50% more
south glazing to achieve the same
perrormance,

The south glazing area required goes not
depend very greatly on the tyhe of passive
solar collector to be used (direct gain,
Trombe wall, etc.) assuming that thermal
storage is adegquate so that venting of
excess heat would not normally be required
during sunny midwinter weather. The
exception to this is direct gain, without
night insulation, for which the performance
can be significantly lower. The values in
Table II were derived assuming that the
solar glazlng is half ogirect gain ana
one-half water wall,

The rule of thumb does depeni significantly
on whether night fnsulation is to be useu.
with night insulation, much nigher
performance is obtained, esuecially in cola
climates.

3. THERMAL 5I0HALE mA3>

Rule ot Thumb: "“A thermal storage mass ot
at least 0.6 x 55F pounds of water or 3 x
55F pounds of masonry 1s recommenced for
each square foot cf south glazing, where
SSF is the desirea solar savings (in
purcent). This assumes that the mass is in
the irect sun 8ll day as, for example, in
a water wall. In direct galn situations
tnis is agequate thermal stoluge provioug,
1) toe mass is within the direct gain space
or encloses the direct galn space, 2) the
mass is not insulatec from the space, and
3) the mass has an exposed su:lace ared
equal to at least 3 tirmes the glazea area,
If masonry is used It Is not effective
beyond a depth o 4" to 6", measured from
the surface. 1! the mass is locateo
completely out ot the sun in back rooms,
then about four times as much mass w'll Le
needed."

In tabulr form this rule 15 as tollows:

Recommended minimum effective thermal storage
per sn ft of solar collectisn urea

Expected
Solar pounds of pounds of
Savings water _masonty

10% 6 3)

70% 12 ol

0% 18 Y

40% 24 Ie0

50% 30 14

60)% o 180

0k h? 210

HOA hty 200

9k " A0



Discussion. The required amount of thermal
storage depends on the fractlon of building
heat supplied by solar. For small values
of solar savings (less than 30%), solar
heating cnntributes principally to
offsetting daytime heating requirements and
little solar need be or can be stored. In
the range between 30% and 70% solar
savings, solar heat must be stored from the
day through to the night. Thic diurnal
storage is by far the most important
consideration in most solar applications.
Beyond 70% solar contribution, several-day
storage hecomes increasingly important and
is essential in achieving i00% solar.

Thus the reason that the recommendec amount
of thermal storage per sq ft of collection
area increases with solar fraction is
because proportionally more heat must be
carried over froum the day Into the night or
into periods of cloudy weat! -~r.

4, ORIENTATION

Rule of thumb: "The orlentatlion of the
maln solar glazing should lie between 20
~agrees east and 32 degrees west of true
south."

Discussion. If one adheres to this rule of
thumh the decrease in performance, compared
to an optimum orlentation, will nearly
always be less than 10% and, more
typically, will be less than A%. Th
optimum o, ientation for five sites studlec
(Albuquerque, Madlson, Mecford, Boston, and
Nashville) varies from 7 c:grees east of
true south to 15 degrees west of true
south. The avereje for these cities show
the optimum to be € ceqrees west nf south,
with the followlng decrease in solar
vavings assoclated with varjatlons From a
true south orlentation:

a 5% decrease at 180 east or 309 west
a 10% decrease at 280 east or 400 west
a 0% decrease at 420 east or 540 wost

Note that this rule of thumb is based o
sensitivity calculations done tor Trombr
walls and weter walls. Some designers
prefer to use some direct galn orilented
east ol Liue south tn "wake up" the
huilaing early In the mornlna.  This seens
upproprlate.

Another important ronsideration in
seplecting orlentatinn {s summer
performance. Summer solar galns are very
sensitive to orlentation, especially at
more southerly latitwiens, and east or west
orfentations are to be avolded as much to
prevent summer overheatinng as to maximi ze
winter performance,

The reason that a siightly westerly
orientation Is preferred is probably
related to the piiasing of the load relative
to that of the sun. Except for Santa Maria
the solar radiation curves are reasocnably
symmetrical about solar noor. 3Solar heat
recelived in the afternoon is slightly more
effective than that recelved in tne
morning. A major part of the heating load
of the bulloing occurs auring the very late
night hours (night setback of the
thermostat was not assumed in the
calculations). Heat stored in the morning
must be saved much longer in orger to be
effective in satistying this load; heat
stored in the a2fternoon must be saved a
shorter period of time. Another way of
looking at It s that solar heat gathered
in the morning may simply lead to ouilding
overheating in the afternoon whereas heat
gathered later in the day is more easlly
carrjed over into the night hours.
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6. APPENDIX- SOLAR LUAD RATIO CORRELATIONS
r G5 FRACTION

For each monrth of the -eating season, the
retio S/00D is determined, where S is the
total monthly solar radistion transmitted
through orne square foct of south facing,
vertical double glazing a.¢ DD 1s the base
65 F heating dearee days.

Then the solar saving ‘raction (55F) is
determined for each montt as follows:

SSF = 1 - K (1-F), where
F = A X, for X<R
F=8- C exp(~DX), for X>R
F£1.000 for large X.
and where

K =1 + G/LCR
X = (5/00)/(LCR x K)

(X Is the "Solar Load Ratio"/K)

buildlng 1osd coefficient, exclusive
LCR = of solar glazing
solar collectlon arca

(LCR Is the "Load Nollector Ratic")

Constants for the varlous passive system
types are as follows:

G R A B C D
DG 10.5 0.5 0.5213 1.0133 1.0642 0.6927
DCNI z.4 0.7 0.542  .9666 1.1479 0.9097
Tw 3.6 0.6 0.36%) 1.0408 1.0797 0.4607
TWRI 0,5 1.0 0.4556 .9769 1.2159 0.8469
ww 5.0 1.3 0.4025 .,9872 1.5053 0,905
WWNI 0.7 1.2 0.4846 ,9799 1.8495 1.179%

Thrse constants were determined from
hundreds of month-1lung haur-by-hour
romputer simulations for a variety of
rities in urder to minimize the rms error
in predicted annual SSF.

The annual SSF is then ohtalned from the
sims nf the monthly values, as follows:

)'_j. SSF ¢ x DD,

P

Annuynal SSF =

4

TASLE I

values of Bullding Loao Coefficient Used in
Determining the Solar Glazing Aule of Thumb

Range of Building Loaa Coefticient
teating Exclusive ot the >Soiar
Degree-Days wall

less than 1000 7.6

1000 - 3000 6.6

3000 - 5000 5.6

5000 - 7000 4,6

yreater than 7000 3.6

The Bullding L..ad Coefficient is the
additional dally heat wnich will be
required to maintain a one v ;ree
Fahrenheit increase in the bullaing inslye
temperature If the solar ccliection wall
were to be coveieu with a perfect
insulator. For exampgle, If the heat
required to maintain the builoing at 70 F
were determined to be 400,000 stu/day ang
the heat required to maintain the ‘wi.uing
at 71 F were determined to be 420,000
6tu/oay, then the bullging loao coefficient
{s equal to the difrerence or 20,000
Btu/nay F.
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CITY

SPRINGFILI.D, TLLINKOIS
EVANSVILLE, INLIANA
FORT WAYNL, INDIANA
INDIANAFUL 1S, INDIANA
SUUTH FENL, INDIANA
BURLINGTON, 1OWA

DES ROINES | 1NWA

MATON LITY, IOWA

S10UX CITY, lowa

NOIGE CITY, KANSAS
GOCULAND, KANSAS
TOPLKA, KANSAS
WICHITA, XANSAS
LEXINGTOM, XKENTLUKY
LOUISVILLE, KENTUCKY
BATON ROUGE, LOUILIANA
LAKE CHARLES, LOUISTANA
NEW ORLEANS, LOUISIAMA
SHRZVEFORT, LOULISIANA
CARIBUU, MAINE
PORTLAND, MAINF
BALTIMORE, MARYLAND
BOSTON, MASSAZHUSETTS
ALPENA, MICHIGAN
DETROIT, MICHIGAN
FLINT, MICHIGAN

GHAND RAPIDS, MICHIGAN
SAULT STE. MARIE, MICH.
TRAVEHSE CITY, MICHIGAN
DULUTH, MINNLSOTA
INTERNATIONAL FALLS
MINNFAPOLIS-ST. PAUL
ROCHESTER, MINNESOTA
JACKSON, MISSIS™ [PPI
MLHIDIAN, MISSISSIPPI
COLUMPIA, MISS50UR!
KANGAS CITY, WISSOURI
SAIMT LCUIS, MISSOUR]
SPRINGFIELD, MISSUURI
BILIINGS, MUNTANA

CUT BANK, MONTAMN?
PILLON, MONTANA
GLASGOW, MWONTANA
GREAT FALLS, MOUNTANA
HFLENA, MONTANA
LEWISTOWN, MONTANA
WILLG CITY, MONTANA
MISSNULA, MONTANA
GYAND I5LAND, NFBAASKA
NORTH OMANHA, NEBRASKA
NOHTH PLATTE, NEHRASKA
SCOTTUNLUFF, NEBRASKA

BLKG, NFVADA
ELY, NFVADA

LAS VEGADL, NTVADA
LOVLLOCK, NEYADA
REN, NEVADA
TONUPAI, NEVADA

W NNEMUCCA, NEVADA
CONTURD, NEW HAMPSIIRF
Nl wdKK, Wtw JERSEY

Ai LUQUIRQUE, WEW HEX1Ly
CLAYTON, NEW MEXICO
PAMMINGTON, NLw MWEXTCO
OS5 ALAMOS, NCW MEX]ICU
NOSWILL, WEW MEXICO
TRUTH OR CONSEQUENCFS
TUCUMCART , NLW MEXICO
IUNT, NFY MIXICO
ALRANY, NEW YORK
RINGHAMI N, KEW YORK
WUFE A LG, NEW TORK
MASGENA, MEW YORK

NlW YORK (CRHTRAL PARK),
AOCHESTER, NLW YORK

STRACUSE, NEW YORK
ACHBVILLE, NORTH CAR
CAFE NATTENAS

CHARIOTTE , NORTH CAN
GRPENLSRONO, K 'RTH CAR
EIUH-DUNHAR
BISKMARCK, NORTH DAKOTA
FARGD, NORTH DAKOTA
MINOT, NORTI DAKOTA
AKRON-CANTCLN, OMIQ
CINCINNATL, OMiU
SLEVILAND, onlo
COLUMBUS, ONLO
DAYTON, OMln

TOLEDI, OH1D
YOUNGRTOMN, OH1O
ORLAHOMA CITY, OKLAHOMA
FUL3A, oKL AHoWA
AATCRIA, ObooN
BURNY, ORFGON

MEDY ORD ORELoN
WORTH BEND, ORIGON
PLNDLITON, ORFGOR

PO TLAND, OALLONM
AEDMOND, ORI ON

A
N
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XY
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cITyY

SALEM, OREGON
ALLENTOWN, PENNSYL.
ERIE, PENNSYLVANIA
HARRISBURG, PENNSYL
PHILADELPHIA, PENNSYL.
PITTSBURGH, PENNSTL,
WILKES-BARRE-SCRANTON
PROVIDENCE, RHODE IS
CHARLESTON, SOUTH CAR,
COLUMBIA, SOUTH CAR
CREENVILLF-SPARTANBURC
HURON, SOUTH DAKOTA
PIERRE, SOUTH DAKOTA
RAPID CITY, SOUTH DAK,
5'0UX FALLS, SOUTH DAK.
CHATTANOOGA, TENNESSEE
KNOXVILLE, TENNLSSEE
MEMPHIS, TENNE3SEL
WASHVILLE, TENNESSIE
ABILENE, TEYAS
AMARILLO, TEXAS
AUSTIN, TEXAS
BHOWNSYILLE, TEXAT
CORPUS CHRISTI, TEXAS
DALLAS, TFXAS

DEL RI1O, TFXAS

EL PASO, TLXAS

FORT WORTH, TEXAS
HOUSTON, TEXAL
LANEDO, TEXAS
LUBROCK, TEXAS
LUFKIN, TEXAS
WIDLAND-ODESSA, TEXAS
PORT ARTHUR, TEXAS
SAN ANGFLO, TEXAS

SAN ANTONIO, TEXAS
SHERMAN, TEXAS

WACO, TEXAS

WICHITA FALLS, TEXAS
BRYCE CANYON, UTAH
CEDAY CITY, UTAH

SALT LAKE CITY, UTAH
BURLINGTON, VERMONT
NORFOLK, VIRGINIA
RICHMOKD, VIRGINIA
ROANOKE, VIRGINIA
OLYMIIA, WASHINGTON
SEATTLE-TACOMA, WASH
SFOKANF, WASHINGTUN
YAKIMA, WASHINGTON
CHARLESTON, WEST VIRG
HUNTINGTON, WEST VIRG-
EA CLAINE, WISCONSIA
GREEN BAY, WISCONSIN
LA CADSSL, WISCONSIN
MADISON, WISCONSIN
MiLWAUKEE , WISCONSIN
CASPER, WYOMING
CHEYFNNE, WYOMTNG
ROCK SPRINGS, WYOMING

SHERIDANM., WYOMING
EDMONTON, ALJIRTA
SUFFIEID, ALPERTA
NAMAIRC, PUITISH COL.
YAMCOUY) WRITI3H COLs
WINNIFeL, HANITODA
DAMTHON I, NOVA SCOTIA

MOONONEE, ONTARTO
OTTAWA, UNTAKIO

TORUNTO, ONTARIC
BORMANDIN, QUERLC

=NR- means Not Reconinended

1 52
2) 32
16 an
- MR -
17 26
19 29
12 16
1) 18
17 2n
25 W
25 4t
23 38
- N R -
2 23
2] 32
18 19
19 j2
20 33
22 3
19 30
29 a7
29 L1.]
21 L 1]
21 46
29 49
27 Wy
o S50
32 51
26 hu
25 hB]
3 52
30 &9
26 L]
32 52
26 Mu
29 48
28 LL]
25 LB
27 LB
27 uy
26 19
28 W
217 19
- NR -
23] i8
21 ju
21 34
20 29
F 30
20 2L
24 N
16 24
727
~ N R -
- NR .
- NR -
15 17
15 18
21 19
25 19
2% .l
22 )0
-~ N .
28 Jo
26 15
20 20
~ NN -
172N
- N R -
S
‘T2
- N R -

Table originally complled by ¢, Dennis harley

in Roference 4,



